Abstract-In the traditional power flow analysis, the output of generator is controllable and certain. While due to the intermittence and randomness of new energy resources, the output of new energy generator is uncertain, traditional power flow calculation cannot deal with this kind of uncertain power flow problem, thus type-II fuzzy logic forecasting and interval arithmetic are applied to solve this uncertain problem in the paper. Type-II fuzzy logic forecasting is used to get the output of generator in a mathematical sense that the uncertain variables can be express as an interval form, then interval arithmetic is applied to calculate power flow. As one of interval arithmetic, Krawczyk-Moore method is applied in power flow calculation in this paper, which convergence does not need to get inverse of interval matrix, and the initial interval obtained by type-II fuzzy logic can improve the problems of early convergence, slow convergence and no convergence which are drawbacks of interval arithmetic. The Algorithm is tested on IEEE 30-bus system to validate the applicability.
INTRODUCTION
With the development of the technology of new energy generators such as wind energy and photovoltaic energy, distributed generators has become an efficient way to meet the needs of load growth, pollution reduction, energy resource consumption reduction and more reliable electricity supply. But limited by geography, weather and any other factors, these new energy resources are intermittent and random, traditional power flow calculation can hardly deal with these uncertainty problems. Until now, three kinds of methods are proposed to solve uncertainty problems: 1) stochastic method [1, 2] , for stochastic information, the way with probabilities is applied. 2) Fuzzy mathematics method [3, 4] , fuzzy mathematics is used to establish power analysis models and fuzzy membership function is used to deal with uncertainties. 3) Interval algorithm, due to the output of generator obtained by forecasting is an interval number, the solution is an interval number, interval algorithm is an applicable way to solve the uncertain problem. Compared with stochastic methods, interval power flow analysis needs fewer calculations. And compared with fuzzy methods, interval algorithm is not influenced by fuzzy membership function which is given by people and thus its results are not influenced by people.
The interval algorithm was first presented by Moore in 1966 [5] , and later it was applied in power analysis. In 1992, Wang firstly came up with the application of interval algorithm in power analysis, and compared power flow results calculated by interval algorithm, Monte Carlo simulation method and other stochastic methods [6] . And later, more and more people focus on the application of interval algorithm. Bisection method was used by PEI to solve the problems of early convergence, slow convergence and no convergence [7] . Interval algorithm was applied by Chaturvedi to solve three phase unbalanced radial distribution networks [8] . Affine arithmetic was added to interval algorithm by DING Tao to shorten the gap between the upper and lower boundaries which aims to the inner problem of interval algorithm-a large overestimation of boundaries [9] . The fuzzy set approach and interval arithmetic were integrated by D. DAS and a noniterative method was achieved [10] . This paper combines type-II fuzzy logic forecasting with interval algorithm to get the solution of uncertain power flow problems. Type-II fuzzy logic forecasting is first used to get the initial interval of generator outputs, then interval algorithm is used to solve nonlinear equations and magnitude and phase angle of bus voltage are finally obtained. Compared with stochastic methods, it needs fewer calculations. And compared with fuzzy approach, it is not influenced by fuzzy membership function which is given by people and thus its results are not influenced by people. Furthermore, compared with other method based on interval algorithm, it does not need as many calculations as bisection method, but it can also solve the problems of early convergence, slow convergence and no convergence.
II. TYPE-II FUZZY LOGIC FORECASTING
Many people has discussed type-II fuzzy logic and its application in forecasting [11, 12, 13] .
A. Type-II Fuzzy Logic Sets
A type-II fuzzy set expresses the non-deterministic truth degree with imprecision and uncertainty for an element that belongs to a set. A type-II fuzzy set denoted by A  is characterized by a type-II membership function
If Ã is continuous, it is denoted in (2) .
where   denotes the union of x and u.
If Ã is discrete then it is denoted by (3).
where  denotes the union of x and u.
and one type-1
, then it is called an interval type-II fuzzy set denoted by (4) and (5).
If Ã is a type-II fuzzy Singleton, the membership function is defined by (6) .
B. Interval Type-II Fuzzy Logic Inference
A typical type-II Mamdani system is consisted of fuzzifier, inference system, rules, defuzzifier and type-reducer. And their relationship is shown in Fig 1 . 
III. INTERVAL POWER FLOW ALGORITHM
Interval number has been used to describe uncertainties in many fields, and it has haven its own rules [14] .
A. Basic Rule
An interval number   x x, is the set of real numbers x such that x x x   . Let R denote the set of real numbers. Then:
where x is the lower boundary, and x is the upper boundary.
Mid point:
B. Krawczyk Operator
Based on the researches of Moore [15] , Krawczyk came up with Krawczyk-Moore iteration operator, which does not need to inverse interval matrix. The K-M operator is as below:
Where, Y is a nonsingular matrix with n n * order; I is identity matrix.
And Moore gave the way to choose y and Y ,and got the final iteration:
In fact, y is a certain vector, andY is an inverse of certain vector.
C. Models of Power Flow Analysis
Power flow analysis is the basic way to determine the state of power system based on topology of power system, parameters and boundary conditions, which is an essential part of power systems scheduling and running. It is the most basic and important calculation in power system analysis and base of system control and economic and safe analysis [16] .
If there are n buses in a system, among which there are m PQ buses, then (n-m-1) PV buses, we can get equations below:
is elements of Jacobian matrix.
Where G is real part of impedance, and B is imaginary part of impedance. Index i and j denotes bus i and bus j.
We apply interval numbers here, then:
is the interval extension of Jacobian matrix.
For example:
is not singular matrix, otherwise it would cause that the elements in
Then we can get the K-M operator:
I is an identity matrix, and using this operator to get solution: 3) Constructing inference system. Using inputs and antecedents to produce activation sets. And using activation sets and consequent sets to calculate the output with its lower and upper membership degree function. The output form is as below: 2) Calculating activation. Using AND-OR operator to integrate fit measures yielded before.
3) Calculating useful membership degree function of consequent. Using activation to intersect corresponding membership degree function of anticipated interval.
4) Calculating output. Synthesizing all useful membership degree function of consequent and get the final interval.
5) Designing type-reducer. Using centered sets drop method, and replace anticipated interval in different sets with barycenter, and calculating weighted mean of barycenter, and get the final interval. We can express as below: Table I gives the magnitude of voltage and phase angle of traditional power flow analysis and those based on type-II fuzzy forecasting and interval power flow analysis. In order to validate the correction of this algorithm, this paper takes advantage of certain flow calculations. In fact, we can divide the interval of outputs of generator into several discrete points. And the magnitude of voltage and phase angle can be calculated on the condition of these discrete points. Then based on the results of these certain flow, we can get the lower boundary and upper boundary of magnitude of voltage and phase angle. Then this range can be compared with the range obtained by algorithm which discussed by the paper, we can find range calculated by interval number includes the range calculated by certain numbers though the differences are very small. But the simulation using certain numbers, in fact, is far different from the calculation using interval algorithm. Obviously, calculation considering variable input and use of interval numbers are more close to real condition. This paper picks twenty certain power flows to calculate the interval of magnitude of voltage and phase angle. The results are shown in table 3. The use of type-II fuzzy logic to find out the initial interval can solve the problem of convergence of interval algorithm. And due to this initial interval, the number of iterations is reduced. Because without this initial interval, the iterations would need lots of times of bisection to converge to this width.
VI. CONCLUSION
Based on interval algorithm and type-II fuzzy logic, the paper discusses one way to get the solution of uncertain power flow problem. The application of interval number is close to real condition. The use of type-II fuzzy logic reduces iteration number and saves time which can meet the need of large system. The use of Krawczyk-Moore operator offers the iteration global convergence and it not only gives the solution but also considers estimation of error. Based on the results of simulation, this algorithm can successfully solve the problem of uncertainties, and do not have the problems of early convergence, slow convergence and no convergence.
